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Abstract

A finite element program is presented which computes
displacements, strains, and stresses in wood members of
arbitrary shape which are subjected to plane strain/stress-
loading conditions. This report extends a program
developed by R. L. Taylor in 1977, by adding both the cubic
isoparametric finite element and the capability to analyze
nonisotropic materials. The computer subroutines developed
by the author are listed in this report, along with both the
details for incorporating them into Taylor's program and the
required user instructions.

Keywords: Finite element analysis, computer program,
isoparametric elements, stress analysis, orthotropic
materials, anisotropic materials, plane loading, design, cubic
finite element, quadratic finite element.
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Introduction Program Development

The finite element (FE) computer program written by the The decision to develop an FE program rather than
author and presented in this report was developed as part purchase one of the many multipurpose programs available
of a cooperative research effort involving the National was based on several factors:
Wooden Pallet and Container Association (NWPCA),
Virginia Polytechnic Institute nd State University (VPI&SU), (1) The existence of subroutines in the literature to form

--- ar-tt -FOTServte.his research is designed to the basis of a general-purpose FE program,

establish rational engineering design procedures for wood (2) The belief that a developed program could be more
pallets. The author's role in this endeavor is to determine
the stiffness and strength of notched stringer members of readily expanded for future research needs, and
pallets as functions of notch geometry, material properties, (3) The desire to include the cubic isoparametric element
and loading conditions. As part of this effort, the author in the program.
developed the FE program described in this paper to
compute displacements and stresses in wood members of An FE computer program developed by Taylor (6) was used
any geometrical shape which are under arbitrary plane as a starting point. Taylor's program can input data for
stress or strain-loading conditions. This computer program one-, two-, or three-dimensional structures. It is written in a
is to be applied to the notched-stringer problem. Details of modular form: Adding a new element requires writing a
the program development, user instructions, and program single subroutine. This flexibility is quite appealing to the
listing are presented in this report. The program was researcher because the added element, whether a three-
verified by a comparison of FE predictions of displacements dimensional solid element or even a fluid or heat-transfer
and strains in center-loaded, double-tapered wood beams element, utilizes existing (and debugged) code for data
with data available in the literature 4o.2 This comparison is input, matrix assembly, matrix inversion, etc. The program
presented in another paper. --  has a macro instruction language that allows a variable

algorithm capability. Also, storage requirements are
The developed subroutines are listed in the appendix, dynamically assigned for each problem and stored in a
however no other support is offered. single array. In this manner, available computer memory is

used efficiently for any type of problem. Finally, the
,Maintained at Madison, Wie., in cooperation wt tie Unnwyt of following isoparametrlc plane elements are available:
w netono triangular, linear quadrilateral, quadratic serendipity andI 1"- 1,zo numbers In perenthnesm rofer to lteraturo fed W atO of report.

wGewdt, T. 0. On fift elenient odg of ts pd bw7 In Lagrangian quadrilateral elements. A much more detailed
preparetion. U.S. oep. Agft. Formt Ser., For Pro. Lab., Madison, Wis. description of the Taylor FE program is given in (7).



The program presented here adds to the Taylor program
the capability to analyze nonisotropic materials and the 2
cubic quadrilateral isoparametric plane element. The former
addition makes analysis of wood- or composite-based
structures possible by providing proper formulation for
elements with orthotropic and anisotropic (wood with slope
of grain) elastic properties. The cubic element can be easily
collapsed to provide an accurate, fully compatible fracture "4 X
mechanics element (5). Although the cubic element is not
included in commercially available FE programs, some
researchers have used the cubic element to model certain Figure .- Principal material axes. (M151918)
regions in notch problems (1,2).

The fourth card is in an 8F10.0 format. The form of the
User Instructions fourth card depends on the value of MATYPE specified on

the third card:
To properly input data for an FE run, first review Taylor's MATYPE = 1
(6) instructions in section 24.3, pages 690 to 695. These MoTuPE = r1
instructions need to be modified only minimally, with the Columns Variable
exception of inputting the material property data. The 1-10 D(4)
following comments will consider both material property 11-20 E

input and use of the cubic isoparametric element. 21-30 P

MATYPE 2
Inputting Material Property Data. Columns Variable
Four cards are now required for each material in the 1-10 D(4)
structure instead of the three required by Taylor (6). The 11-20 a
first two cards are identical to Taylor's. The first card 21-30
indicates that material property data follows, and the 31-40
second card inputs the material set number and the element 41-50 G,
type (IEL). IEL should be input as 1 for any of the plane 51-60" E,'
stress/strain elements. Card 3 is in a 415,F10.0 format as 61-70 •  V,.
follows: 71-80,

Columns Variable
1-5 MATYPE MATYPE 3
6-10 I Columns Variable

11-15 L 1-10 D(4)
16-20 K 11-20 E,
21-30 ANGLE 21-30 P12

31-40 E,
MATYPE is the material-type variable and has the following 41-50 G12

values: 51-60" E3.

1 for isotropic materials. 61-70" P1*

2 for materials orthotropic in the global x-y plane. 71-80* P23"

3 for materials orthotropic in a local 1-2 plane (see fig. 1).
4 for anisotropic materials. MATYPE = 4

Columns Variable
I is the plane loading variable and has the following values: 1-10 D(4)

0 for plane strain loading. 11-20 D11
0 for plane stress loading. 21-30 D12

31-40 D,
L is the order of Gaussian quadrature specified for stiffness 41-50 D,
matrix determination (L x L points/element). 51-60 Df

61-70 D,
K is the order of Gaussian quadrature specified for stress
determination (K x K points/element). D(4) is material density-not needed for static analysis.

E is modulus of elasticity.
ANGLE is the counterclockwise orientation of 1-2 local G is the shear modulus.
coordinates from global x-y coordinates (only used when v is Poisson's ratio.
MATYPE = 3); 0 in figure 1. 0 are componets of the symmetric "Moduli of Elasticity"

matrix for an anisotropic material. These components are
The recommended order of Gaussian quadrature (7) is L = defined in (3).
K - 3 for the cubic 12-node element, L - K - 2 for the
quadratic 8-node element, and L - K = I for both the 4 (') niAe tat mea propee at ov reurd f pane westnu
linear 4-node and triangular 3-node elements. (I - 0).
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Speciftying 12-Node Cubic Isoparametric Element
The following steps are needed to specify the 12-node cubic
isoparametric element: 4/ 7 3

(1) In the control card set NEN = 12.
(2) When inputting element data (ELEM) use the localnode numbering sequence shown in figure 2. 8 1/0

The cubic element can be degenerated to either quadratic /2 6
or linear displacement fields on any desired side by 1
specifying IX = 0 for one or two of the side nodes. This
capability is useful when the structure is to be modeled by / 5 9 2
more than one type of element. For example, it may be
desirable to model regions in areas of suspected stress
concentrations with cubic elements and the remainder of
the structure with quadratic or linear elements. (( lf SPACE
Implementation of Program and Listing ( S

Figure 2- The cubic isoparametric element (local

The details required for incorporating the developed node numbering). (M151917)

program into Taylor's program (6) are described in this
section. Literature Cited

Deletions 1. Freese, C. E. Collocation and finite elements-a
Delete statements 31-36 in subroutine SHAP2 in (6). This combined method. Watertown, MA: Army Mater. and
eliminates the nine-node Lagrangian element. Mech. Res. Cent. AMMRC TR 73-28. June 1973. 12

Additions 
P.

Add subroutines ELPROP, SHAP3, TRANSF, and BTREB 2. Freese, C. E.; Bowie, 0. L. Stress analysis of
in the appendix to the program in (6). configurations involving small fillets. J. Strain Anal.

Add the following 'Common' statement to subroutine 10(1):53-58; 1975.

PMESH in (6): 3. Lekhnitskii, S. G. Theory of elasticity of an anisotropic

COMMON / WRITE / PRT body. San Francisco: Holden-Day, Inc.; 1963. 401 p.

4. Maki, A. C.; Kuenzi, E. W. Deflection and stresses of
Add the following 'Implicit' statement to all subroutines in tapered wood beams. USDA For. Serv. Res. Pap.
(6) if double precision computations are desired: FPL-34. Madison, WI: For. Prod. Lab.; 1965. 54 p.

IMPLICIT DOUBLE PRECISION (A-H,O-Z) 5. Pu, S. L.; Hussain, M. A.; Lorensen, W. E. The
Substitutions collapsed cubic isoparametric element as a singular
Substitute subroutine ELMT01 in the appendix for element for crack problems. Int. J. Numer. Meth. Eng.
subroutine ELMT01 in (6). 12:1727-1742; 1978.

Substitute the two statements that follow for statement 18 6. Taylor, R. L. Computer procedures for finite element
in subroutine SHAPE in (6): analysis, chapt 24 p677-757. In: 0. C. Zienkiewicz.

The finite element method. 3rd ed. London: McGraw
120 IF(NEL.GT.4.AND.NEL.LE.8) CALL SHAP2 Hill; 1977. 787 p.

(SSTT,SHP,IX,NEL)
7. Zienkiewicz, 0. C. The finite element method. 3rd ed.

IF(NEL.GT.8) CALL SHAP3(SS,TT,SHP,IX) London: McGraw Hill; 1977. 787 p.

By-
Distribution/

--Availability Codes
Avall and/or

Di Special

I3



Appendix

The subroutines which follow were written in ASCII Fortran
Level 9R1 (Sperry Univac Series 1100). This language
allows IF-THEN-ELSE blocking statements. If the program
is to be used with a version of Fortran which does not
permit these statements, conventional IF statements must
be substituted.

Subroutine ELPROP
1 ' ,;:.:F;- ,E F LPP 0F'1 D,: i

TIJ: 1 ' IL - DLETEFMH 1 I l l r 4-- 'I", ( IF FFI , 1 T,'-. LIF Li ' ] F!7R
. ... ['.1Ty' ' P F 'F T I l IIlF 'I ,L - LI.EL FL IL '-.T'F''.':. IFRI

. . -[Tl S F urO THI- . KPrPF'IP.TE I 1]. ' L l"-
,-! . T. T OF BLE FE. 1, _ f H -H, -"

-I ! EI triuT lf 11.HEI ,l I iFL .JiL !IiTIlf-!.!I-0. 1FF'
'I . ELrX TH - U 1k.lIT. ]ET .FIC.

D 1 D- Li I i .'_,T tI 2 , .T 1 1 T,:. . 1

1 T H I I- J4 F'E'-,- . 4HF 4 I H

1 17'5 1 IbTFE. I .L.h , 3LE
I2 FET 1 1_f l I II -1 .E 1.P 'UJ 12 .E2. 1G. E I.F' 1IRI.F '

-.F , ETISP.F TH-E FROELEI1 1 FLfIIE -IEF OF FLAIR .TF' 11.

15 IF ' 'E. ' I
I7 [ ' F' . i' i ] 2

,T i. F - " 'ILUE iL-i- I IHT'3F'E ,FOP UIE III cflIEF'LlJTIIE Ei_ CiTFI,
.O, 1 IlT",PE

( ' [4,-' .: ,FtS 4. IF CUHA51WM OUD ,FtPTIJPE TO FE ISEDIll S TIFIE-S r1 TPII
H. HI . F'- Ev J., ll 'L 41' I' - FO -SE Ill ':FOU 1-i F ELIiIT 1

11'L lt t . I '.H: 1

G-. I TO IF PEO::IJD:: OP .H FP jE::_1j

:11 1.1 LII I."FE T FF' 1 F F 1 - DEtS;S1P
02i;t1$ TO 1 .2-.. •4 .H? HIIFE

E 1. -2. . .. P IlI "..
ft, 1- .. .5

IF 1 FPTi *1,JPITE 6.2101, EI.RHU12
I30 TO 20

41 I . FFTHOTROP IC MATER IAL

I F t lTYPE.EO..H D.PRT) .JRI1E (6,22.02
IF IliTYPE. E -.3.1HD. PRT) WR,.IRITE (.2302' At LE

4.1 IF (PRT) IJRITE (6,2 03) EI..E2.RItI_IS2,
45 li-t) G
46 IHU21 = RHU12+,E2/E1
47 IF (I.EO.2) GO TO 10
48 I.... PLONE STRESS5
49 DUM = 1.0 - Pt.IJ12:+tPNHU21
50 TD(b = EI/'DUll
51 D(7) E2,D1
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F-' F t1_ 1I P1HC
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6. PE

Ll Pr IF E> HO E T TI I tIO IT 1

T- P!L I I E F Ki'C3LE.f iTI lI WT

HLL 1, 1 IL 1

I' 1 T 1f I
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I F PYRTi [I 15I1TE '* 6.242 ElIRL .U12 .E_2.'.ETPHUi
4 D!i 5 ElI

Elf

8:7 1 5. 0

I' L F JItinT S1TR;TE I II T'

Q'-1~ I'l Ii Fi IT ' -S1 F 1 . CV,

Fli T, P5P HTPP H'JAE TET.PA4, 23H L INEAR ELA T I C ELEMENT. I OY. 'MATPE

S 1 70F' >1 i HIL 10 ic:.E 18.5.. '1CO. 44H00005S5! PTS IN XI,. ETiA I IE
I' C Ci FE F F-TI ',EL'. L:. K FOP STIFFNESS. COMiFUMTiON, 59:. i I

1 7, OR STRESS fCOt FUT IT I OW I I . .. 1I
'I i FIF FViT 10n I * TF C I.'k ;TER IPL'. .15. 1 CH',OLI1Nt'I G [IiE'ULLIS 4::.

I E IS 1' . 1 '_HFCI0ISSON'*S ROTIO =10"', ~F ".

1 2 0'2' FOP tT 'Ic. .. I F TH FIF 1-iF I F. I 1HnTEFP I OiL FR t INC I F'1< 1)1 [P F I11 V_ I - C C INt
0 1C I DE lY1TH GLOR0L ' En RE FEFP~rT I'tL<"

it - UAI- 1 0 1 = 'l EI . 57Fi9 1-,' H~ El' E

1 = 7W 11.F6S.5' S 1 N 1 -l"5

I1' 2 P012f1101 110'. ORTHFITFOPF PiHFIL R INC IFHL D'IRECTION I ORIENTED
I I lT H CCI.J WNGL E OF pq. 4. DELPEES FF0_11i THE GLOBOL X ', SO
10% x4C'2 FORMA,"T 1 07. 'lI SOTPOPI C I 1ATEPI AL' .'.157. E 11 1 .E18. 5.7 15X

O I 1I. *E i 1.2' t- EI . 5< .i15>:. *E'1 - 3' .E 1. 5. 15. "1 *E(2 . 2'' 6. 5.
1 i1 2, - 15:i'E 2.3 E '.18. 5 15',.7513,' = 'E 1S.S'
1 12 END



t , 4 ST4TEU IET HULEIEPS ':

-7

4 11 '49

, '81 88

1F'E .--

T 4 '9 142%(33 345 473 *74 735 736 *4 *

4> - 4 i j 4n 1 6- *:: T 76 *84 *-85 *8:B6 -487

Vii 4 -1 5 5 '57_, 59 60 61

El < :4 53"': ' 7' 44 46 50 55,. 59 135 84

EL P

TT

3 : 14 44 45 83 87
HE 7 2 2
I '9T ,*1:16 617 26 33 34 47 *74 75 76
iEL 8

t 4, I I

i :'1 I :24 25 63 *73 7'6 * 77
L *+:13 *22 .=_23 63

IIFTIE +1 19 26 29 42 43 64
FIN:: 13 22 2,4

T 10 7e 72

W, 0 *124
N 8

!IJUIiEL 7

riiir1l 1 ItP7

EPT 6 9 26 37 42 43 44 62 63$ 83
FNIl 2 *1 )4 33 34 X5 37 44 46 ,-49. 52 5? .68 83 85
PIl 3 *1!4 55 57 68 61 62 8:3 89

PI'HJ21 + 46 49 57
2NU23 *14 56 57 59 62
PHLI3I *:55 5? 61
R1ll 32 ;*56 57 59 66
T 10 70 72
TPRNI3F 70
JiD 10 *I1I 26

SI



Subroutine TRANSF
ISURPOLITIE TPRIISFiBETO4.Tl

IEL Ii:IT DONBLE FEL ,i'SiO - 4 ;
M tI'-:T. I OH4 T33

uKQ.. CHE iBOIIT:NE COWIS'I THE F'LiONE TFW!E F 151I10 O ilOTP 17 [T]
.FOE ONl WNOLE FIF BE1 TV DC ,7 E E F . TH E LO ID OL I - COE 0 mPOlt TES: VSE

C ... iJEtNTOJT BF1.0 DEISRIFE0 . I 11F'LO :LIG F THE CILOE4IL

9 BTH i EoP . 1! 0 .iFT

11 T 1.' 1', = IC'77'EETh' +
11 1, 1.31 = IN ' I ET H I 'E

13 T, . 1 1 1 II
14 12'.2' Ti I1'
15 T32 0 T' t

T 1 T2.3 1 .tl 0 -H1

17 Tl3.1 A +TI

18 T'3, 1 1' TI REUN.~ IFVBE r

2L LI DID 1

T 1 3 *0 11 *12 :13 14 *15 *13G *17 *is
12541SFI
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Subrin STREB TE S1Ct11E2E [ 7

.. .TH1 U[?PouTli HE COMPUTES THE tIlAC : l~ FCiIMB** Rt

E ". . 3 Y331 ItrIE TP I riTF'JI ' U JI TH Hill THPI C F~ET 1*1

F II-1 E (2 lE 22 .E3.T- . B !,': H '2 FP' [EOOV1iTRI..

F ** *P-il' IS A1 S)TIETRI 10.iRTPV%>. OH'17 TiHE UF7.FP 1!147 13_: [C iIPUTED.

F IPIC TIT DOUBLE EPEI 1!(CI -. H

I' j~i'7l15 IO £3. 18007t'-- I, PFfi 18007$.L IB fIC L

t1: 1 2 183t7

11:'1 r 12.1 E12U
Pi 171' E12'litiI E~ E2TD21I

I DiD I15 I I BC24L

I- F'j 1E 1 I. 1 '4 Ul1+ ,Jl0fb752 + E 3,J ;D M

+ vs:I STATEMENT NUMBERS i~i

*.*VARIABLES *4f *

P1 7 S; 13 15

B1 I *1 1 1 12
E21 P1'IJ, 1 1 12

BTREB 1
tUHU +,1 1 15
Dul112 +12. 15
l I lU 17l1-- 15
El t' 1 11
EU I _'I I i 12
E22 1 12-,

E3 1 13
1 48 9 10 13 14 15

BC3137S 1 8 14
-*14 15

PROFl 1 7 *15



Subrob.tn SNAPS

-7 . L Tfj- P ,YVi, 71.r ,' - ,

T [ 1 

'4 P -FF c' '

7.7~ . 1- EAEA

F 7F L Ti,

-- -' , "I + nIJ' THD,

IL :EH TH -'METH
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--' _' F-E q : 1, + El i
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:H2 .I5j -- C I t.-D,

DI H 9 CI ETAID
4- Hi P'~ 2 1 :,' X

S.b . 9,F J. II I 1 0 S 2
-_S:i !- ... rIF 'S I U "E II IS H OT SPECIFIED. I.E. >(ID = 0
ES(.... THENFU 1HJ J', .1=1- IILL STILL EOUOL 01: OFTEP THE

i- .... FO LLO. I -, T. 1H lTOTS
"!; -.... T

pjjt{ THE RuHEP NOI~DES_ 14 THIS EDGE IJILL PETAIN-, ONLY

- :... OL[FATIC. UP L [IEAP TEEPfE

7 ~~ F..

... ....... CO, LFUTE SRPPFE FUU'tTIOI.I'.-- AHI DEPIVfOTIVES - S.-EE FIG.2 FOR. NL'MPEPING

"-7 IF Ci",.EO O.PNT.1. I( EO.O GO TO 101
41 IF '15 .HE.O.AND. 11: ' E. C) THEM

,H = -CIC1'ET f0PI:XI
SH.'2.5" = P I E:iSO

.K fF 7 . -C7. F-iT-SHP(2,5)
aM S;H' (1.?' = 17_lIIHETAi:D2>TI

.1- SHP(2 .9" = -C2/.<I to/ISO

..K SH h'-gP = -rCI I ,Tk :+ HP'2, ,i
-1> E L SE

S, -,HP 
I 
F4 F E- TI -- c,

SHE 1.0' 1 ' ' II WT

=" =END IF
_, i '... .. ..IF (FJ::.,g .EO.f..'- 1

1 l I ' . FO 7 .r 0. GO- TO 102

ir: ':I' .ME 0 .',I' : EOl tIE. THE
5 :Sl~:' , I.6 .. . EE A';CETAlSO

-- SH'?.S R,=-IP ± DIETO

':, r.-7 iu , - l I SHF(I, 10)
I ; E L1.7TE
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SHP'1 .6.1 = T2
SHF.2.6' = -ETA*CIPXI

6.4 '-HP(S-;'C = T2tCIPXl
60 END IF
66 102 IF I:: .EO.O.Ht1ND. IH' I ".EOl' G0 TO 10

7 IF I'," . E.O.NiDl. i: 1 1 . E. ' THEN
c- SHP' 1.7' = CIPET r)"2t :I

S'HF': 2. = C I I c.11
S-SHF' .T7 C 1EET tSH - 2.',

TI SHP 11 ' = -CIF'ET ;D1I:I
SHE' . 1I1 I 1:._ i
-HF'3,-Il I 1PET' , SHE 1IV

7-4 ELSE
-;HPk 1.71 -::I'CIET.

-6 ~SHF'2.,7'=c:
- SHE'S.T= '_r1FETR

END IF
79 103 IF ' 1:.' '.. .E 'O. l lD I i12 E.1.1, GO TO 104
- - IF 1 ': 1 , E. 0.H , . 1:1 . 1 iE ., THEt

HP •-. ETAfCETH'--;
SHF' 1 ' 2 81 I lil:N I .2ETH

HP 1 = , I HF I 
1

-4 HF' 1 1 1 C- IETHC ET'-.F
'.: H P .1C I t f-I I I - f I ETE H

H ~ ~~~ - 1F I jC' +:. fl . 12'
E L'-,E

SHP .'' = -T2
' SH ' 2 ". -ETR+:C1IV:I

C4 'HF':,.' = T2C1 :I
91 END IF

9- c ....

.... CORECT CORNHEP NODEIS FOP PPESEHCE OF MIDSIDE NODES
94 104 = '

'96 11D 109 I = 1,4
97 L= I +4
9 LL I + 8
'9 AJ . US. DJUT CORNER SHRPE FUHCTIOH FOP NODES ON THE ClI SIDE

100 IFJ EX(KK) NE.O.RAND.1 I ' T' H.NE.O THEN
101 DO III J=1.3
102 111 SHP(J.,I' = SHP'.II - ONETHD4,(2.O4SHP.J.kK) + SHP(J.K)
I13 ELSE
104 DO 121 3=1.3
I--5 121 SHPkJ.I' = SHE',3.1', - 0.5iSHF'(J. ,
106 END IF
107 C .... ADJUST COPNER SHPE FUNCTION1 FOP NODES ON THE [CJ SIDE

108 IF(I>(LLj.NE.O.PND. IvL,.NE.O) THEr:
1019 DO 112 3=1.3
110 112 SHP(J.I' = SHP'J.I' - OHETHDt,.'.ncSHFJ.LI + SHFJ,LL)
111 ELSE
112 DO 122 3=1.3

113 122 SHP(J.I) = SHPJ. I - 0.':SHF'j.L"
114 END IF

115 K =L
116 109 KK = LL
117 RETURN
11 END
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4 + + '£,THT1EENT NIurEFF 4. 4

101 411 l :

102 5 g

10 4-
104 7 9

111 1411 .'IL:

112 109 +1 10
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C, *10l1 10 2 *104 105 i13 110' *112 113
f :34 100 1021 105 1115

t 3 5 100 102 bl116
L IO 1  110 11 11

LL 10 lOT I I I 1K
LLHETH, + 1 14 15 ,h I 10F2 110
Fit: 12 5 0 5 1 0 7 l

'--HAF3 1

SHE 1 _5 +30 4-4 P I.44 *45 .. 4g *47 *49 "50 1
C5 r5 +5-7 +5 4 59 ", 462 f-63 fV64 *fFR *29 +70
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Subroutine ELMTO1

F L 4ME 7ETPE .3>ESTPk ili EL&4_TIC LIMELiP ELEIJEhT P,:171HE.

11 C r ATki rH Eflr I I J I rIPl.II I1E L 1 V T nrIr; E. 1FF'
11 1LUI tI! ELDkT.4 t.1TII1TIEL.IIEL

*,1 LEIE!EI '.I'tl 11 1 .1110111 . 1.''1 I I1 1 .I:, I .TL, 1 .I7.T. I F'.1l
HI 7:.1i ,..1i9. EL4I.ili t"', .LI

ii '. ;uTO CCPFECT .4FF.4' F FCIEi>

t- COLL ELPPEF', P

I t Ti-P It

ZE E E ELEI:ES T FI-B F ti ES KITP Ie::_(

TV 41 L . . PT 1 -T' V ' 'L .L 1MT,': 221 . WT)

"'P PJ V KEIIIC 1'1 ;:_ tIT 0CC-PUTE EDTIFFHEc.E EGHITEIPLITIUN

__ r'-i U' 1LI.E T9<L) .YL.SHIPDETJ.4.M!-1111lEL.1:.FiLSE.)

-- F Ph iT* F. LE 2 THEM

Li77

ELI_ E

r) r!, in

1EtnD I F

F -F: E P- 7H 11.4FF 3 FCOMPUTE D11B D*B

IliC' 2 i 1 = MEL
IF 'IIF E. LE. -2' THEM

DR 11 = i 1114SHP I. 3
DBI 8 12=112 -SHP (.J)

411 I l = 11E HP(i I31j
"74 1) 6 -8 = 112'1SHPn(2. J*'
1 ci11B31= Dil L4 rSH P'?2. 3)

£8B 32 =D137 i'E;HF'*1 ,J)I

DIl I D )11 !.SHP(, J' + D13*SHP(2,J)
54 r,82 Dl >.SHP(2.J') + DIS*SHP(],J)

5"D821 =DI2h-SHPr 1.1' + P224-RH0 (2.3)
5il:82 DB2 t2 2t SH P(2.,J ) + D23-iSHP (I , J)

171D31 = P33r3HP22.J)1 + PiT*-4SHP1J
£832 = D334-SHP(i.J) + D23*SHP(2.J)

59 EMPD I F
60 0 ....
61 0 .... FOR EACH NOPE I COMPHTE S =BT*DB
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J T+ --.- .I HPI I. E

km2 , c I iTI

* OPTE LOIJER TF' OMOU1LOR FORT EI SIIMrETF,*'

HlL = EL + MEL
110 33,0 [ =I HL

0 31. j 3.]I
km ETURN

3 ... COM1PUTE ELFI-1FT STRESES. STRO INS. AND FORPCES

~L 4 L D:2

IE7L+L.MFE.LIITl I:OLL ROS'LLN.I.T.d:

DO U0 L = 1 .L IIT
G .. C'' UTE ELF! 1EMT '-HORE FUNE T IONSi
C -L L -,HOPFF': '1 'L'1 .ETP 1L i'L -LSHR .DFlTJAC .NDMl.MEL. IX .FALSE.

F ... CFtIFUTE 'TFrt IN' ANT, :OCRT'INTE

D410 1 1
-- 10 EF> 1I' C

11 40 I. HEL

+ _HP3 .3''L 12.J'
- F ' 1' EF'- 1 ' + -0F 't I3 IfIL I- .J)

0 F7 ' P". ' + __r'' 1.J''UL' .-J' ± SHR'2,J' +3LCt1IJ)

I F Mll 'FE.LF. ' THEN

z ~ Ii ', 1 1 ' ' F F- 1 1 '+ D' 6 'FF3P 31

I IS' ' , + 'El '-1
103 ELSE

1 ~5 0 1 t0' = D1',I+ P + D 0 .3 ' '-FFS f3 + 1D r97 +ERP r2

11, 7112 DC 'FF3 1"V + It 9 fE'FF3'->1 + D' I iO'EPf.?
107ENDr IF

I0 (_1... C TO '3THTFIlFNT 620i FOP COMPLITATION OF ELEMIENT NODAL FORCES
* 0? IF' I'3MJ..EO.6l 'GO TO :6T0

11'3 LOLL ~PEr:' 3I.1i''.0W .14-"
111 .. OIJTfUT ST.'E': WIT STROINS

I1 1 liT = MIT - 2
I: IF'MICT.GT.O' GO TO 430
1114 UIP1TE'6-.2001. O.HFOI'
11 ME 11T =50

11If: -430 LPITE'6.200> .OJXSI.R
* ~~ 117 UPITE Q-26.2010' , E~~.P' ESE ESE

MB8 600 CONfTINlUE
11I) RETURN

12,1C.... COMPUTE 1NTEPHAWL FORCES

123 620 D%./ DETJP:*-IJT(L)
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122 1 1

P j H1 F'PJ-SE I T i C~ IR + SHE 2P I C, +51')'4
..111 1 + 1 <HF'' 1.3J51I+2 + SHP'2Ji G i57h thY

7 1 T: Ii + V i +

Ire T-FliT I !,iTE I: ':.EE ThL[-F- F' I TO 1

F7 . lk Ir+~ !H TF 17 F0F 1IJ-1Lt)T10]11 Fip iHI' LEIiEHIT
* r S;H lfFdr' F HT THE: TIME +++

T~l P 7 Fo8'T ' iIT
7 1 1L: 1 '1 'lj HELFIlEC1 cTPEcE F .2CmO ELEM ENT NRTEP1IPL

D H- -1 MI ri' 4 4H 1 1 TFEEr-: -4 '.9H12S F§. 1i
7' PF i-'iTr ''F' 7SHrLE 0

-':.TPHi 11- 'TF-i 111 -4: : 4-' - TF III

71' ' F~tP + 1 7.- TH FlE -16: EFI--

'S O E 1 I 11-4PS +

4 p3

7 7

-4 +1 1 129

*142
1 1 7 +14

+4Vt3EIPELES *

711 E 25 30r 1 3 4 367
-4 31 1 1*0 4 3 1 1 105 106

C, 10 0 e, i

7, 4 - 4 47 C

4A G

< ~ t 4 + -1 Q 1 1 5'

TE 7+ -I- f . G 5S

lip- 1 * C 64 66
I'l +5 5E;sr 65 67
1 'FIV T' . 's 2 86G 123
Eirr

9. 1A 0 31 33 34 36 77 3 39 *123 126 1271.
FLr I1t' I I
F'LFFP.iF 16
E% P8 4C 0 *LI 95 *96 *97 10 0 10 1 102 10cl4 1*1 1*36 lbA

1 17
ETHf 8 24 28 82S
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Gerhardt, Terry D. Plane stress analysis of wood
members using isoparametric finite elements: A
computer program. USDA For. Serv. Gen. Tech. Rep.
FPL 35. Madison, WI: For. Prod. Lab.; 1983. 16 p.

A finite element program is presented for stress analysis of
wood members of arbitrary shape which are subjected to
plane strain/stress-loading conditions. This program extends
one which is available in the literature. User instructions and
a listing of the developed subroutines are presented.

Keywords: Finite element analysis, computer program,
isoparametric elements, stress analysis, orthotropic
materials, anisotropic materials, plane loading, design, cubic
finite element, quadratic finite element.
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